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IMAGE DISPLAY APPARATUS 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates generally to an 
active matrix type image display apparatus. More 
5 particularly, the invention relates to an image display 
apparatus which holds a signal voltage written in a 
given selected period even out of the selected period 

o 

;|| and controls electrooptic characteristics of display 

Ixt element by the signal voltage. Further particularly, 

CO 

ijf 10 the invention relates to an image display apparatus 

Uj, performing a multiple gradation display of an image by 

j"^ controlling a holding period of the signal voltage 

s 

;=y depending upon a video signal. 

4 DESCRIPTION OF THE RELATED ART 

15 In the recent years, associating with arrival 

of advanced information society, demand for personal 
computer, portable information terminal, information 
communication equipment or composite produce thereof is 
growing. For these products, thin, light weight and 
20 high response display is suitable and a display 
apparatus, such as self-luminous type organic LED 
element (OLED) or the like, has been employed. 

Pixel of the conventional organic LED display 
apparatus is constructed as illustrated in Figs. 21A 
25 and 21B. In Fig. 21A, a first thin film transistor 



(TFT) Tsw 23 is connected at each intersection of a 
gate line 22 and a data line 21. To the first TFT Tsw 
23, a capacitor Cs 25 for storing data and a second 
thin film transistor Tdr 24 for controlling a current 
to be supplied to an organic LED 2 6 are connected. 

Waveforms for driving the first TFT Tsw 23 
and the second TFT Tdr 24 are as shown in Fig. 21B. A 
current depending upon a data signal Vsig 28 is applied 
to a gate electrode of the second TFT via the first TFT 
which is turned ON by a gate voltage Vgh 29. By a 
signal voltage applied to a gate of the second TFT, a 
conductivity of the second TFT is determined. A 
voltage Vdd applied to a current supply line 27 is 
divided between TFT and an organic LED element as load 
element to determine a current flowing through the 
organic LED element. Here, in a construction where 
Vsig takes multiple values, it is required that a 
characteristics of the second TFT is uniform over 
entire display region of the display apparatus. 
However, due to non-uniformity of electrical character- 
istics of the TFT which is formed an active layer by 
amorphous silicon, difficulty is encountered in satis- 
fying the foregoing demand. 

In order to solve this problem, it has been 
proposed a digital drive system, in which the second 
TFT is used as switch to take a current flowing through 
the organic LED element as binary value of ON and OFF. 
Tone expression is realized by controlling the current 



to flow the current. One of known example has been 
disclosed in JP-A-10-214060 . 

A diagram of driving is shown in Fig. 22. A 
vertical axis of Fig. 22 represents a position of 
5 scanning line in vertical direction and a horizontal 
axis is a time. Fig. 22 shows driving of the display 
apparatus for one frame. In driving by the prior art, 
one frame period is divided into four sub-frames. In 
each sub-frame, vertical scanning period having a 

10 length common to all sub-frames and luminous periods 
having length weighted with weighting coefficients 1, 
2, . . . . 2 4 = 64, per each sub-frame. 

As set forth above, by a system of separating 
the vertical scanning period and the luminous period, 

15 vertical scanning period cannot be used for luminous to 
shorten luminous period occupied in one frame. In 
order to certainly obtain luminous period, the vertical 
scanning period has to be made shorter. However, since 
ON period of Tsw substantially correspond to vertical 

20 scanning period/the number of vertical scanning lines 
m, sufficiently large vertical scanning period becomes 
necessary for certainly obtaining ON period in 
consideration of wiring capacity, resistance and so 
forth specific to active matrix. For example, in case 

25 of displaying of eight sub-frames, about 1 ms of 

vertical scanning period is expected per one sub-frame. 
In this case, a period to be used for luminescence 
becomes about 8 ms which is substantially half of one 
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frame. Furthermore, in such case, it is required that 
one vertical scan is sixteen times the high speed than 
normal scanning speed. 

This problem may be solved by multiplexing 
5 vertical scan to progress vertical scan and lumines- 
cence simultaneously. At this time, driving diagram is 
shown in Fig. 23. Fig. 23 shows an example at 3-bit, 
in which is shown a condition where three vertical scan 
and display are progressed. Basic concept of the 
10 driving method has been suggested in "Halftone Moving 
5 Picture Display by AC type Plasma Display", Institute 

A | of Television Engineers, Display System Seminar 

Material 11-4, March 12, 1973, and Japanese Patent No. 
2954329 applied for active matrix liquid crystal. 
15 However, a construction for actually implementing the 
driving method of vertical multiplexing has not be 
disclosed. 

Upon performing high definition and multiple 
gradation display using digital data, it becomes 
20 necessary to increase operation speed of the driving 
circuit and to increase circuit scale of the driving 
circuit according to increase of number of data. 
Therefore, progress of increasing of display density 
and increasing of gradation levels to cause increasing 
25 of power consumption. As a solution for this, lowering 
of power consumption is desired. 

On the other hand, in the method for control- 
ling On/OFF display per each frame with dividing 
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display period into several sub-frames, lowering of 
picture quality of the moving picture for admixingly 
presenting data between series of frames when moving 
picture display, such as television or the like, is to 
5 be performed. 



SUMMARY OF THE INVENTION 

An object of the present invention to provide 
an image display apparatus which is constructed for 
high definition image display by digital driving and 

10 has a construction to reduce circuit scale with 
restricting increasing of power consumption while 
number of gradation levels is increased. 

In order to accomplish the above-mentioned 
object, in an active matrix type image display 

15 apparatus, vertical scan is multiplexed to simultane- 
ously progress display period and vertical scanning 
period and whereby to realize high image quality 
digital drive signal. 

In the present invention, for the number of 

20 m-bit digital data, a plurality of bits of digital data 
are applied to n (n<m) in number of sequence circuits 
to perform logic operation for the outputs of the 
sequence circuits to define a voltage condition of one 
stage of vertical scanning line to multiplex the same, 

25 and at least one of the sequence circuits selectively 
is input a plurality of bit data, and/or digital data 
is applied to n in number of line latch circuits in 



parallel to output the digital data in synchronism with 
the multiplexed vertical scan, and at least one of the 
line latch circuits is selectively input a plurality of 
bit data. 

By this, with restricting circuit scale and 
suppressing power consumption, m bit gradation display 
is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more 
fully from the detailed description given hereinafter 
and from the accompanying drawings of the preferred 
embodiment of the present invention, which, however, 
should not be taken to be limitative to the invention, 
but are for explanation and understanding only. 

In the drawings : 

Fig. 1 is a block diagram of one embodiment 
of an image display apparatus according to the present 
invention; 

Figs. 2A and 2B are explanatory illustration 
for explaining a drive diagram of the first embodiment; 

Fig. 3 is a constructional illustration of 
the first embodiment of a vertical driver; 

Figs. 4A, 4B and 4C are control waveforms of 
the first embodiment of the vertical driver; 

Fig. 5 is a constructional illustration of 
the first embodiment of a horizontal driver; 

Figs. 6A, 6B and 6C are control waveforms of 



the first embodiment of the horizontal driver; 

Figs. 7A and 7B are explanatory illustration 
showing a drive diagram of the third embodiment for 6- 
bit gradation display; 
5 Fig. 8 is a constructional illustration the 

vertical driver of the third embodiment for 6-bit 
gradation display; 

Fig. 9 is a constructional illustration the 
horizontal driver of the third embodiment for 6-bit 
10 gradation display; 

Figs. 10A and 10B are explanatory illustra- 
tion showing a drive diagram of the fourth embodiment 
for 8-bit gradation display; 

Fig. 11 is a constructional illustration the 
15 vertical driver of the fourth embodiment for 8-bit 
gradation display; 

Fig. 12 is a constructional illustration the 
horizontal driver of the fourth embodiment for 8-bit 
gradation display; 
20 Figs. 13A and 13B are explanatory illustra- 

tion showing a drive diagram of the fifth embodiment 
for 10-bit gradation display; 

Fig. 14 is a constructional illustration the 
vertical driver of the fifth embodiment for 10-bit 
25 gradation display; 

Fig. 15 is a constructional illustration the 
horizontal driver of the sixth embodiment for 10-bit 
gradation display; 
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Figs. 16A and 16B are explanatory illustra- 
tion showing a drive diagram of the seventh embodiment 
for 10-bit gradation display including non-display 
period in a frame period; 
5 Fig. 17 is a constructional illustration the 

vertical driver of the seventh embodiment; 

Fig. 18 is a constructional illustration the 
horizontal driver of the seventh embodiment; 

Figs. 19A and 19B are drive waveforms to be 
10 applied to the vertical driver and the horizontal 
driver of the seventh embodiment; 

Fig. 20 is a block diagram of another embodi- 
ment of the image display apparatus according to the 
present invention; 
15 Figs. 21A and 21B are explanatory illustra- 

tion showing a pixel of an organic LED and a drive 
method in the prior art; 

Fig. 22 is an explanatory illustration 
showing a digital drive diagram of the conventional 
2 0 organic LED; and 

Fig. 23 is an explanatory illustration 
showing the drive diagram for multiplexing of vertical 
scan. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 
25 The present invention will be discussed 

hereinafter in detail in terms of the preferred embodi- 
ments of the present invention with reference to the 



accompanying drawings. In the following description, 
numerous specific details are set forth in order to 
provide a thorough understanding of the present inven- 
tion. It will be obvious, however, to those skilled in 
5 the art that the present invention may be practiced 
without these specific details. In other instance, 
well-known structure are not shown in detail in order 
to avoid unnecessary obscurity of the present 
invention. 

10 (First Embodiment) 

Fig. 1 is a block diagram of a major part of 
the first embodiment of an image display apparatus 
according to the present invention. The image display 
apparatus is constructed with an image signal input 

15 terminal 1, an A/D converter 2, a memory 3, a vertical 
scanning pulse generator circuit 4, a horizontal 
scanning pulse generator circuit 5, a vertical driver 
6, a horizontal driver 7, an active matrix organic LED 
panel 8, a control circuit 9 and an input switchers 10- 

20 1 and 10-2. The vertical driver 6 having the input 
switcher 10-1 in an input portion thereof, the 
horizontal driver 7 having the input switcher 10-2 in 
an input portion thereof and the active matrix organic 
LED panel 8 as combined are generally referred to as a 

25 display portion 11. The display portion 11 has a 
construction of TFT drive with the same substrate. 

Operation of each component shown in a form 
of block will be discussed hereinafter. The control 
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circuit 9 generates various control signals in 
synchronism with input image signal for supplying to 
each circuit. The vertical scanning pulse generator 
circuit 4 generates a vertical scanning pulse for 
5 vertical scan of an organic LED panel 8 on the basis of 
a control signal for scanning the organic LED panel 8 
by inputting the vertical scanning pulse to the 
vertical driver 6 via the input switcher 10-1. The 
horizontal scanning pulse generator circuit 5 takes 

10 image signal in a memory 3 via the input switcher 10-2 
per each bit in synchronism with the control signal and 
generates writing pulse for display pixels aligned in 
horizontal direction. This writing pulse is applied to 
the organic LED panel 8 via the horizontal driver 7 in 

15 exact timing with vertical scan. 

In the display portion 11, for the pixels in 
a row selected by the vertical driver 6, a predeter- 
mined binary voltage depending upon each bit of digital 
data obtained through A/D conversion of the image 

20 signal is output from the horizontal driver 7. Thus, 
the predetermined voltage depending upon the digital 
data is written in each pixel. The active matrix 
organic LED panel in the display portion has a display 
region of horizontal 320 pixels x vertical 240 pixels. 

25 For gradation display as driven in a manner 

set forth above, multiplexed vertical scan may be 
performed as shown in Figs. 2A and 2B. Fig. 2A shows 
the case where the image signal is 6-bit digital data. 



Data of respective bits from the least significant bit 
(LSB) to the most significant bit (MSB) are bO, bl, b2, 
b3, b4," b5. At this time, respective bits are scanned 
with shifting the phase along solid lines LO, LI, L2, 
5 L3, L4, L5 in time division manner. Here, by setting 
the vertical scanning period of each bit to be less 
than or equal to half of a frame period, the scanning 
period of b5 as MSB does not overlap with the scanning 
period of bO or bl at all. 

10 Fig. 2B shows a manner of outputting of data 

per each bit to the panel on the same time axis as that 
of Fig. 2A. Assuming that a processing circuit is 
provided per each bit for multiplexed vertical scan, 
periods in which the processing circuit BCn of each bit 

15 outputs data for display, are shown by frames bO to b5 
with respect to BCO to BC5 . When the vertical scanning 
period is short, no problem will be encountered even 
when data of b5 output from the processing circuit BC5 
may be output from the processing circuit BC1 which 

2 0 does not output data in the same period, as shown. 

Accordingly, for example, by employing the same output 
circuit for outputting data of b5 and bl, since 
luminescence period of the organic LED at each pixel is 
controlled according to the digital data, display of 

25 sixty-four gradation levels becomes possible in case of 
6-bits. 

Fig. 3 shows a construction of the vertical 
driver. In the shown embodiment, by summing the 



signals for vertical scan control per bit, common 
output circuit is used by the bit data b5 and bl. 
Here, five series of shift registers 12-0, 12-1, 12-2, 

12- 3, 12-4, number of which is smaller than number of 

5 data bits, start shifting operation by respective start 
pulses GOst, G2st, G3st, G4st and G5st or Gist switched 
by the selection switch. The outputs of the shift 
registers are input to logical operation circuits 13-0, 

13- 1, 13-2, 13-3, 13-4 for summing of products of the 
10 outputs of the logic operation circuits and tone 

control signals GDEO, GDE1, GDE2, GDE3, GDE4 per bit. 
When the final output becomes HIGH level, a signal Vgh 
turning ON TFT and Tsw connected to vertical scanning 
lines Gl, G2, G240 is applied. 

15 Figs. 4A, 4B and 4C show waveforms for 

control operation to be applied to vertical driver. As 
shown in Fig. 4A, at a time t = 0, the start pulse GOst 
becomes ON for 1H period (1H is horizontal scanning 
period) . Subsequently, at luminous period 1L of bO (1L 

20 is a fraction of one frame period divided by display 

gradation level number: about 1/63 frame period in case 
of 6 bits, and integer multiple of 1H, in the shown 
case 1L is assumed to be 9H. At this time, the frame 
period is 63L + 6H = 573H) , the start pulse Gist is 

25 turned ON at a time t = 10H. Thereafter, during a 

period 2L = 18H, the start pulse G2st is turned ON at a 
time t = 29H, during a period 4L = 36H, the start pulse 
G3st is turned ON at a time t = 66H, during a period 8L 



= 72H, the start pulse G4st is turned ON at a time t = 
139H, and during a period 16L = 144H, the start pulse 
G5st is turned ON at a time t = 284H. Periods between 
the start pulses are used for display, respectively. 
5 As shown in Fig. 4B, GDEO, GDE1, GDE2, GDE3, 

GDE4 are pulse trains defined by equally dividing 1H 
period in shown sequential order. As the time t = tO 
in Figs. 2A and 2B, when data outputs are present in 
the circuits of all bits of BCO to BC4, the pulse train 

10 as shown in Fig. 4B may be applied to the vertical 

driver, and when data is output from BC1, BC3 and BC4 
as the time t = tl in Figs. 2A and 2B, the pulse train 
shown in Fig. 4C may be applied to the vertical driver. 
When bl and b5 are switched by the bit 

15 processing circuit BCl, to the first scanning line Gl, 
the voltage Vgh for turning ON TFT is applied for a 
period about H/5 at a time 0, a time 10+ (1/5) H, a time 
29+(2/5)H, a time 66+(3/5)H, a time 139+(4/5)H and a 
time 284+ (1/5) H. Assuming that the vertical scanning 

20 period is 240H which is less than or equal to 1/2 of 

the frame period, since intervals from Gist to G5st and 
from G5st to Gist are 274H and 298H respectively, 
overlapping in time will not be caused even when the 
shift register 12-1 and the logical operation circuit 

25 13-1 are used in common. Also, since 1H is divided by 
bit number, it will never be caused to turn ON TFTs 
connected to a plurality of vertical scanning lines at 
the same time to admix the signals. 
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The vertical driver of the construction set 
forth above can easily increase display bit number 
without increasing wiring in vertical direction by 
increasing the shift register, the logic operation 
5 circuit and the product summing portion per combination 
thereof. On the other hand, by processing a plurality 
of bits by the same output circuits by switching the 
inputs as in the construction set forth above, increas- 
ing of the circuit scale can be restricted to be 

10 smaller in comparison with increasing of bit number of 
the digital data. Furthermore, total of luminous 
periods substantially corresponds to one frame period 
to improve efficiency of luminescence. 

Fig. 5 shows a construction of the horizontal 

15 driver. The horizontal driver 7 is constructed with 
one series of shift register and latch circuits 14-0, 
14-1, 14-2, 14-3, 14-4 provided per each bit for 
sequentially summing the products of outputs of the 
latch circuits and data output control signals DDEO, 

2 0 DDE1, DDE2, DDE 3 , DDE 4 . As input for the latch circuit 
14-1, data buses DB1 and DB5 are selectively used by 
providing a selector switch. 

Basic drive wave forms are shown in Figs. 6A, 
6B and 6C. As shown in Fig. 6A, to data buses DBO, 

25 DB1, DB2, DB3, DB4, image data stored in the frame 

memory is taken out to be output 5 bits of image data 
as maximum, and are input to respective latch circuits 
15. Data input in this manner is repeated for times 



corresponding to number of pixels in horizontal 
direction, i.e. 320 in the shown embodiment, in 
synchronism with shift register output within 1H 
period. Subsequently, input data is stored in a line 
5 memory in the latch circuit on the basis of data latch 
signal DL. In the next 1H period, respective output 
control signals DDEO, DDE1, DDE2, DDE 3, DDE 4 are 
respectively turned ON in sequential order to apply 
high level voltage Vdh and low level voltage Vdl on 

10 data line depending upon digital data. Timing of 

application of voltage on data line is matched with the 
timing of the vertical scan as set forth above. 

Accordingly, as the time t = tl in Figs. 2A 
and 2B, when outputs are present only in 3 bits out of 

15 5 bits, a pulse train as shown in Fig. 6C is applied 
similarly to Fig. 4C. By this, application of Vdh by 
data of the least significant bit is maintained for 1L 
= 9H, and application of Vdh by data of the most 
significant bit is maintained for 32L = 288H. A time 

20 expressed at t = to in Figs. 2A and 2B, all bit outputs 
are present as shown in Fig. 6B, whereas, at a time t = 
tl, only 3 bits out of 5 bits are present. 

As set forth above, in the display portion 
11, the current flowing through the organic LED is 

25 controlled to be binary value of ON/OFF. Namely, in 
switching transistor in the pixel, the gate signal Vgh 
is so related with data signals Vdh and Vdl as to 
operate in non-saturated condition, and furthermore, in 



the driver transistor, the data signal Vdh is so 
related with an applied voltage Vdd to a current supply 
line of the organic LED as to operate in non-saturated 
condition. The stored capacity Cs restricts gate 
5 voltage fluctuation of the driver transistor when the 
switch transistor is in OFF condition so as not to 
cause variation of gradation display due to variation 
of current flowing through the organic LED. 

It should be noted that the present invention 

10 should not be limited to the shown embodiment. Number 
of TFT in the pixel is not limited to two but can be 
more. While embodiment constructed the horizontal 
driver and the vertical driver with TFTs , the effect of 
the present invention will never be degraded as long as 

15 the connecting portion with the active matrix portion 
is TFT. For example, the shift register portion of the 
vertical driver may be constructed with an external 
integrated circuit. 

On the other hand, in the foregoing, while 

2 0 discussion has been given in connection with the 

organic LED display, the display element is not limited 
to luminous element. The construction of the driver 
circuit is of course applicable for a display of other 
active matrix system, a display using liquid crystal to 

25 switch at high speed or field emission element (FED) or 
the like. 

Upon performing multiplexed horizontal scan, 
when the vertical scanning period Tvsc is less than or 
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equal to hold of the frame period Tfr, two bit data 
which do not overall data output period can be 
processed with a common output circuit. Therefore, 
circuits for one bit can be eliminated from both of the 
5 vertical drive circuit and the horizontal drive 
circuit . 

As set forth above, when sequence circuit is 
eliminated from the vertical driver circuit and line 
latch circuit is eliminated from the horizontal drive 
10 circuit by processing two 1-bit data by common output 
circuit, a ratio to actually input data for the 
sequence circuits or the line latch circuits to use the 
circuit is defined as operation ratio Rmv, as expressed 
by the following expression (1} . 

15 Rmv = (Tvsc x m) / (Tfr x n) (1) 

wherein m: input bit number, n: number of bit 
processing circuit BC of the vertical driver or 
horizontal driver 

In the foregoing expression, when a ratio Rvs 
20 of Tvsc/Tfr is 40%, for example, the operation ratio is 
Rmv = Rvs x ru/n = 40 x 6/5 = 0.48 and thus is merely 
48%. This is because the operation ratio of the 
circuit for four bits not processed by the common 
output circuit among the sequence circuit/line latch 
25 circuit is merely 40%. 
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Considering length of 1H period, without 
using the sequence circuit and the line latch circuit 
in common for a plurality of bits, and thus the 
vertical scanning period Tvsc is equal to the frame 
5 period Tfr, 1H = Tvsc/240 = Tfr/600 in case of the 
display device constructed with 240 lines in vertical 
direction as in the first embodiment. Thus, selection 
period per one bit becomes 1H/6 = Tfr/ (6 x 240) = 
Tfr/1440. 

10 On the other hand, when the sequence circuit 

and the line latch circuit are used in common for 
processing a plurality of bits as in the first embodi- 
ment for processing six bit data with four stages of 
circuits, if ratio Rvs of the vertical scanning period/ 

15 frame period is 40%, for example, 1H period is 

expressed by 1H = Tvsc/240 = 0.4 x Tfr/240 = Tfr/600. 
Thus, the selection period per one bit becomes 1H/5 = 
Tfr/ (5 x 600) = Tfr/3000. In comparison with the case 
where the circuits are used in common with a plurality 

20 of bits, the selection period per one bit becomes 

(Tfr/1440) /Tfr/3000) =0.48 and thus becomes shorter at 
a rate of the rotation ratio Rmv. 

Accordingly, while the first embodiment is 
successfully in reducing the circuit scale, it is 

25 required to drive at about double of speed. Since 
higher operation speed causes greater power consump- 
tion, it is desired to lower the operation speed as 
much as possible. 



As set forth above, by further shortening the 
vertical scanning period, greater number of circuits 
may be eliminated. However, associating with shorten- 
ing the vertical scanning period, 1H period also 
becomes shorter to shorten ON period of TFT to be a 
cause of degradation of image quality. In order to 
avoid this, it becomes necessary to set the vertical 
scanning period as long as possible with reducing 
circuit scale to improve operation ratio Rmv of the 
overall sequence circuits or line latch circuits. 

Hereinafter, discussion will be given for 
procedure for improving the operation ratio Rmv. As 
set forth above, the operation ratio is expressed by 
Rmv = (vertical scanning period) x (m number of input 
bits) /{ (frame period) x (number of stages n of sequence 
or line latch circuits)}. Therefore, it can be re- 
written as the following expression (2) using a ratio 
Rvs = (vertical scanning period) /( frame period). 

Rmv = Rvs x m/n (2) 

From this, for making Rmv greater with 
respect to certain input bit number m, it has to make 
Rvs greater and to make number of stages n of the 
sequence or line latch circuits smaller. Such method 
will be discussed in the second embodiment. 
(Second Embodiment) 

In the operation condition as illustrated in 



Figs. 2A and 2B, observing at a certain timing, period 
to operate the sequence circuit and the logic operation 
circuit of the vertical drive circuit or line data 
latch circuit of the horizontal drive circuit corre- 
5 sponding to each bit data is data use period as shown 
in Fig. 2B. 

In the shown example, at the time shown by 
vertically extending line, five bit data are used. 
Therefore, at least five sequence circuits and the 

10 logic operation circuits of the vertical drive circuit 
and line data latch circuits of the horizontal drive 
circuits are required. Namely, in the display 
apparatus for multiple gradation display with m (> n) 
bit digital data, if number of the sequence circuits 

15 and their logic operation circuits of the vertical 

drive circuit is n, the minimum value of n is equal to 
the maximum number of the bit data input at the same 
timing in the frame period. 

On the other hand, the maximum value of the 

20 vertical scanning period Tvsc can be defined as follow. 
When luminous periods tlO, til, ... tlm of respective 
bits of the m bit image data are determined, for 
displaying such image data with n stages of sequence 
circuit 13 and the line latch circuit 15, it may be 

25 required the vertical scanning period Tvs of certain 
data is finished during a period from inputting of 
certain data to inputting of (n) th data. In the 
display system of the present invention, most of the 
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frame period can be used as display period. Therefore, 
in the following discussion, the horizontal selection 
period 1H as the data writing period is ignored. 

An elapsed period from inputting of the 
5 certain data to inputting of the (n) th data, is equal 
to a total of the luminous period assigned for respec- 
tive bits from the certain data to (n+l)th data. If 
this value is always greater than Tvs, the image data 
can be displayed with n stages of circuits. 
10 For example, it is assumed that the frame 

j« period Tfr = 2 m ~ 1 L, that the luminous periods tlO, 

i 5 l til, tlm per each bit of m bit image data is 

m 

.ffi respectively tlx (x = 1, 2, . . . , m) = 2 L, that order 

J of input is determined as DBO, DBm, . .., DB2, DBm- 

!;*,, 15 1 . . . . , from permutation generated by rearranging 
S luminous period tlx to match with order of input of 

^ data bit, all totals of arbitrary continuous n (< m) 

bits are derived to set the minimum value of the 
derived totals as Tvsmax, and then, the vertical 
20 scanning period Tvsc is determined to satisfy Tvsc ^ 
Tvscmax to permit determination of the vertical 
scanning period Tvsc where the operation ratio Rmv 
becomes maximum with a construction of n stages of 
sequence circuits in the vehicle drive circuit and n 
25 stages of line latch circuits in the horizontal drive 
circuit smaller than number of data bit m. Thus, the 
image display apparatus having smaller circuit scale 
and smaller power consumption can be constructed. 
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Hereinafter, discussion will be given for a 
manner of determining order of input of the image data 
to achieve maximum rotation ratio Rmv of the drive 
circuit in the image display apparatus of the construc- 
5 tion where the vertical drive circuit and the hori- 
zontal drive circuit are constructed with respectively 
three stages of sequence circuits and the line data 
latch circuits with respect to the 6-bit image data. 

When the frame period is Tfr = 2 S_1 L and 

10 luminous periods tlO, til, . .., t!6 of respective bits 
of the image data are determined by luminous period tlx 
(x = 1, 2, 6) = 2 n_1 , for order of data input is 0, 

1, 2, 3, 4, 5, 0, 1, 2, 3, 4, 5, permutation of 

the luminous periods becomes 1L, 2L, 4L, 8L, 16L, 32L, 

15 1L, 2L, 4L, 8L, 16L, 32L, ... From this, respective 
sums of luminous periods per 3 bits calculated in 
sequential order will be as follow. 

Since the sums of the luminous periods are 
7L, 14L, 28L, 56L, 49L, 35L, 7L, 14L, 28L, 56L, 49L, 

20 35L, and thus Tvsmax = 7L, the operation ratio Rmv 

= 7L/63L x 6/3 = 0.22. Therefore, the operation ratio 
becomes 22% at the maximum. 

For improving operation rate, the minimum 
value of sums of the luminous periods per 3 bits is 

25 required to be made greater. For this purpose, re- 
ordering has to be made avoid sequential arrangement of 
bits having short luminous periods. Therefore, the 
bits having short luminous periods and the bits having 



long luminous periods are to be arranged in alternate 
order to establish order of data input 0, 5, 1, 3, 2, 
4, 0, 5, 1, 3, 2, 4, . .., and then luminous periods 
(tbx) per bit become 1L, 32L, 2L, 8L, 4L, 16L, 1L, 32L, 
5 2L, 8L, 4L, 16L, ... 

Then, since sums of luminous periods per 3 
bits will be 35L, 42L, 14L, 28L, 21L, 49L, 35L, 
42L, . . . , the minimum value of the sums Tvscmax 14L to 
achieve the. operation ratio 44% at the maximum. There- 

10 fore, in comparison with the case where the order of 
data input in the first embodiment is used, the opera- 
tion ratio is improved to be three times. 
(Third Embodiment) 

As set forth above, by re-ordering data in 

15 the manner shown in the second embodiment, in case of 
6-bit image data, the operation ratio is improved to be 
double in comparison with the case where order of data 
input of the first embodiment is used. However, 
operation ratio is still less than or equal to 50%. 

20 Procedure to further improve operation ratio will be 
discussed hereinafter. 

As discussed in the second embodiment, for 
realizing the vertical driver and the horizontal driver 
with n stages of bit processing circuits for processing 

25 the m bits image data, the vertical scanning period 
Tvsc has to be less than or equal to the sums of the 
luminous periods of sequential n bits. 

Here, when the sum of the luminous periods of 



sequential n bits is tlbn, tlbn means a period from 
inputting of certain data to the sequence circuit of 
the vertical drive circuit or the line data latch 
circuit of the horizontal drive circuit to input of the 
5 next data to the same sequence circuit of the vertical 
drive circuit or the line data latch circuit of the 
horizontal drive circuit. Accordingly, a period 
derived by subtracting the vertical scanning period 
from tlbn is the period where data is not input to the 

10 sequence circuit of the vertical drive circuit or the 
line data latch circuit of the horizontal drive 
circuit. For this reason, during the period 
substracted the vertical scanning period Tvsc from 
tlbn, data is not inputted to the sequence circuit or 

15 line data latch circuit. Namely, in this period, 

circuit is not used. Accordingly, when the difference 
between the maximum value tlbnmax of tlbn and Tvsc can 
be made small, operation ratio of the circuit can be 
improved. Since the minimum value tlbnmin of Tvsc = 

2 0 tlbn, it means nothing but to make tlbnmin/ tlbnmax 
large . 

In case of the second embodiment, the differ- 
ence between the minimum value tlbnmin = Tvscmax = 14L 
of tlbn and tlbnmax = 49L is greater than or equal to 3 
25 times. The cause of this is that at bit 5 where the 
luminous period is maximum, the luminous period tb5 = 
32L greater than tlbnmin. Among tlbn, those containing 
bit 5 inherently greater than tlbnmin to make non-use 



- 25 - 

period of the sequence circuit or the line data latch 
circuit long to lower operation ratio Rmv of the 
circuit. As a solution for this, is may be a possible 
approach to divide the luminous period of the bit where 
5 the luminous period becomes the longest, exceeds 
tlbnmin = Tvscmax into two for dividedly inputting. 

An embodiment for realizing processing of 6 
bit data with three sequence circuits and its logic 
operation circuits of the vertical drive circuit or 

10 three line data latch circuits of the horizontal drive 
circuit, will be discussed with reference to Figs. 7A, 
7B, 8 and 9. 

Figs. 7A and 7B show manner of multiplexed 
vertical scan when the maximum weight bit among 6 bit 

15 data is divided into two to make the vertical scanning 
period longer and operation ratio of the circuit 
higher, and status of data output from each bit 
processing circuit. 

Fig. 8 shows a structural example of the 

20 vertical drive circuit for realizing the operation 
shown in Figs. 7A and 7B. Fig. 9 shows a structural 
example of the horizontal drive circuit for realizing 
the operation shown in Figs. 7A and 7B. As shown in 
Figs. 7A and 7B, when b5 where the display period is 

25 the largest in the frame period, is divided into two, 
the operation ratio Rmv = 77% much greater than 50%. 

In the shown embodiment, for 6 bit digital 
data, number of the sequence circuits of the vertical 



drive circuit and the line data latch circuits of the 
horizontal drive circuit cant be three as half as 
required. Thus circuit scale can be significantly 
reduced to significantly lower the power consumption. 
Since 6 bit gradation display becomes possible, 
satisfactorily high quality display for image display 
apparatus for PC or the like can be provided. 

On the other hand, as a method for dividing 
the luminous period of the bit having the longest 
luminous period, 32L is divided into two luminous 
period of 16L. Divided two luminous periods are not 
necessarily equal length, and the present invention 
should not be limited to division into equal luminous 
periods. In the foregoing example, it is of course 
possible to divide the luminous period into two periods 
of 17L and 15L. In this case, the operation ratio Rms 
becomes 81%. 
(Fourth Embodiment) 

Next, using 8 bit data, an embodiment where 
the operation ratio becomes the highest will be 
discussed. Applying the method of the third embodi- 
ment, an embodiment realizing process of 8 bit data 
with three stages of processing circuits in the 
vertical drive circuit and the horizontal driver 
circuit is shown in Figs. 10A, 10B, 11 and 12. 

Figs. 10A and 10B show a manner of multi- 
plexed vertical scan when the maximum weight bit among 
8 bit data is divided into two to make the vertical 



scanning period longer and operation ratio of the 
circuit higher, and status of data output from each bit 
processing circuit. On the other hand, Fig. 11 shows a 
construction of the vertical drive circuit for realiz- 
ing the operation shown in Figs. 10A and 10B, and Fig. 
12 shows a construction of the horizontal drive 
circuit . 

In the shown embodiment, while the circuit 
scale is the same as the image display apparatus for 6 
bits, further high quality 8 bit display can be 
performed to further reduce circuit scale and lower 
power consumption. On the other hand, the construction 
of the input switching portion is further simplified 
than the case of 6 bit. 
(Fifth Embodiment) 

Next, using 10 bit data, an embodiment where 
the operation ratio becomes the highest will be 
discussed. Applying the method of the third embodi- 
ment, an embodiment realizing process of 10 bit data 
with four stages of processing circuits in the vertical 
drive circuit and the horizontal driver circuit is 
shown in Figs. 13A, 13B, 14 and 15. 

Figs. 13A and 13B show a manner of multi- 
plexed vertical scan when the maximum weight bit (b9 in 
the shown case) among 10 bit data is divided into two 
to make the vertical scanning period longer and 
operation ratio of the circuit higher, and status of 
data output from each bit processing circuit. On the 



other hand, Fig. 14 shows a construction of the verti- 
cal drive circuit for realizing the operation shown in 
Figs. 13A and 13B, and Fig. 15 shows a construction of 
the horizontal drive circuit for realizing the opera- 
tion shown in Figs. 13A and 13B. When the maximum 
display period b9 in the frame period is divided into 
display periods b9_a and b9_b, the operation ratio Rmv 
= 85% can be achieved. 
(Sixth Embodiment) 

In this embodiment, sub-frame constantly 
becomes non-display is provided in the frame period for 
improving image quality. An embodiment for realizing 
process of 10 bit data with respectively four stages of 
bit processing circuits in the vertical drive circuit 
and the horizontal drive circuit by the driving method 
similar to the above, is illustrated in Figs. 16A, 16B, 
17, 18, 19A and 19B. 

Figs. 16A and 16B show a manner of multi- 
plexed vertical scan when the maximum weight bit (b9 in 
the shown case) among 10 bit data is divided into two 
and period bb (area filled in black in the drawing) to 
be held in non-luminescence is provided in each frame 
to make the vertical scanning period longer and 
operation ratio of the circuit higher, and status of 
data output from each bit processing circuit. On the 
other hand, Fig. 17 shows a construction of the verti- 
cal drive circuit for realizing the operation shown in 
Figs. 16A and 16B, and Fig. 18 shows a construction of 



the horizontal drive circuit for realizing the opera- 
tion shown in Figs. 16A and 16B. Figs. 19A and 19B 
show part of drive waveforms to be applied to the 
vertical driver and the horizontal driver at a time 
5 indicated by t = tb in Figs. 16A and 16B. 

The non-luminescence period corresponds to 
the bit bb. The vertical drive circuit is additionally 
provided Gbst as input for the selector switch in order 
to output signal for outputting a selective scanning 

10 pulse from the bit processing circuit BC2 . At this 
time, the drive wave forms to be applied to GDE is a 
pulse train as shown in Fig. 19A. The horizontal drive 
circuit is applied a pulse train as shown in Fig. 19B. 
However, so as not to output data for non-display, 

15 different from GDE 2 , output of DDE 2 is held OFF. 

For outputting such pulse train, comparing 
with the fifth embodiment, the circuit construction is 
unchanged except that combination of the bit data and 
the bit processing circuit is varied. By performing 

20 driving as shown in Figs. 16A and 16B, the operation 
ratio Rmv = 90% is achieved. 
(Seventh Embodiment) 

Fig. 20 shows a block construction of the 
case where a frame memory is mounted on the substrate 

25 forming the display portion. By mounting the frame 
memory on the same substrate, bit data taken from the 
memory in synchronism with vertical scan is directly 
input to the horizontal driver. In general, the frame 



memory adapted for m bit image data is consisted of m 
in number of memory planes to output m bit data 
simultaneously. When the frame memory is formed on the 
substrate, it becomes possible to designate not only 
5 the line but also the bit in the data address output 
from the memory in response to the control signal. By 
this, the horizontal driver may be constructed with 
single stage of line latch circuit to enable making the 
circuit scale smaller and power consumption lower. 

10 With the present invention, in the image 

display element in which the display element is driven 
by controlling binary condition of the display element 
on the basis of the digital data, ratio occupied by the 
display period in one frame period becomes greater, and 

15 a period to be assigned for vertical scan becomes long 
to achieve bright and high quality image display, and 
as the same time to reduce load on the vertical drive 
circuit. Thus, even when number of gradation levels 
are increased, increasing of the circuit scale and 

20 power consumption can be restricted to realize low cost 
image display apparatus . 

Although the present invention has been 
illustrated and described with respect to exemplary 
embodiment thereof, it should be understood by those 

25 skilled in the art that the foregoing and various other 
changes, omission and additions may be made therein and 
thereto, without departing from the spirit and scope of 
the present invention. Therefore, the present inven- 



tion should not be understood as limited to the 
specific embodiment set out above but to include all 
possible embodiments which can be embodied within a 
scope encompassed and equivalent thereof with respect 
to the feature set out in the appended claims. 



